Abstract -Gymnotus cf. carapo and Gymnotus sylvius are two fi sh species inhabiting the Upper Parana River Basin, presenting respectively 2n = 54 and 2n = 40 chromosomes. In the present cytogenetic analysis, R-banding and telomere-sequence hybridization were carried out in order to determine the possible relationship between the karyotipes of these two species. Incorporation bands (R-bands) obtained for the two species allowed the identifi cation of chromosome similarities, showing to be an usefull alternative to the G-banding methods, which fail in producing satisfying results in most of analyzed fi sh species. This approach, associated with the hybridization of telomeric sequences, permited to identify chromosomal rearrangements that could be used as indicators of karyotypic evolution within the group. In the present case, telomeric sequences were detected in the centromeric region of two metacentric chromosome pairs of Gymnotus sylvius. The results obtained after hybridization with the telomere sequences, coupled with the chromosome homeologies detected by R-banding, showed that G. cf. carapo and G. sylvius should present a common ancestor, and this may also be corroborated by the similarities found in three chromosome pairs, that seem to have been conserved during the evolution of the two species. Based on the data here presented we propose that G. sylvius may have undergone a recent process of chromosome fusion that resulted in the diminution of its chromosome number.
INTRODUCTION
The development of structural banding techniques in the 70's initiated a new era in cytogenetics once it allowed the precise identifi cation of homologous chromosomes. However, there have been many diffi culties to obtain such longitudinal banding pattern in fi sh and most studies about chromosomal banding in this group have been restricted to the characterization of C-bands (SOLA et al. 1992) . Despite of these constraints in obtaining longitudinal bands in fi sh, alternative methods such as the in vivo incorporation of 5-bromo-2'-deoxyuridine (bromodeoxyuridine or simply 5-BrdU) represented a useful tool to identify homologous chromosomes (ALMEIDA-TOLEDO et al. 1988) , once traditional techniques of longitudinal differentiation, like G-banding, have failed in most of analyzed species (ALMEI- DA-TOLEDO 1986) .
Incorporation bands can be accomplished by injecting a solution of 5-BrdU in living specimens, which will be incorporated into the newly synthesized DNA of replicating cells, substituting for thymine during the S phase of the cell cycle. The chromosomal regions where the 5-BrdU has been incorporated become faintly stained in cytogenetic preparations. In fi sh, this technique assured a refi ned chromosomal identifi cation and, by determining an R-banding pattern, it proved to be effi cient to analyze replication units on chromosomes and to detect chromosomal rearrangements, thus providing useful information about the evolution of chromosomal struc-ture (ALMEIDA-TOLEDO 1988; DANIEL-SILVA and ALMEIDA-TOLEDO 2005) . This approach was also used in evolutionary studies of several animal groups, such as buffaloes and primates (DUTRIL-LAUX 1979; DIBERADINO and IANNUZZI 1981) .
On the other hand, the localization of telomere sequences by in situ hybridization has also been helpful in studies of chromosomal evolution. In general, the telomeres present simple repeats, with a remarkable predominance of (TTAGGG) n sequences. Robertsonian rearrangements, involving the centric fusion between two acrocentric chromosomes and giving rise to a single metacentric element, can be caused by deletion of telomeric sequences or by modifi cations in the telomere-associated proteins. Once the telomeres are no longer recognized, they act as breakage points in the DNA molecule, thereby activating the cell repair machinery and leading to the fusion of these regions. In some vertebrates groups, such fusions might occur without a signifi cant loss of telomere sequences. As a result, interstitial telomeric sites (ITS) can be detected by FISH close to the centromeres, what has been related to telomere inactivation (MEYNE et al. 1990) . Analyses of the distribution of (TTAGGG) n sequences in fi shes have demonstrated they are usually located at terminal regions and, only sporadically, interstitial telomeric sites (ITS) have been reported thus revealing recent events of chromosomal fusion (HOLMQUIST and DANCIS 1979) and chromosomal rearrangements involving telomere sequences (PHILLIPS and REED 1996) .
The genus Gymnotus, belonging to the order Gymnotiformes (Teleostei: Ostariophysi) comprises a monophyletic group of electric freshwater fi sh (NELSON 2006) , distributed over the Neotropical region. This genus comprises species with peculiar biological features that make them a suitable material to studies in several areas, remarkably in Genetics (ALMEIDA-TOLEDO 1978) , Ecology (WESTBY 1975) and Physiology (BENNET and GRUNDFEST 1959) . Gymnotus is the most widespread genus within the order Gymnotiformes, characterized by weakly electric species with cycloid scales, upper mouth, and, differently from other fi sh, they have an elongated anal fi n used primarily in locomotion. Among the species found in Paraná River and Coastal Rivers basins, cytogenetic reports are available for Gymnotus carapo (LINNAEUS 1758) (2n = 54), Gymnotus inaequilabiatus (VALENCIENNES 1839) (2n = 52), Gymnotus sylvius (ALBERT and FERN-ANDES-MATOLI 1999) (2n = 40) and Gymnotus pantherinus (STEINDACHNER 1908) (2n = 52) (FERNANDES-MATIOLI et al. 2001) . Such variation in the chromosomal number from 2n = 40 to 2n = 54, coupled with the fact that speciation events leading to the origin of some Gymnotus species are considered to be recent (REZENDE et al. 2009) , make the genus an excellent material to study the occurrence of chromosomal rearrangements in the evolutionary history of this fi sh group.
In the present work, R-banding and fl uorescent in situ hybridization with telomere probes were carried out in order to identify chromosomal rearrangements in the species G. carapo and G. sylvius and to report the presence of interstitial telomeric sequences, indicating a recent fusion process.
MATERIAL AND METHODS
R-Banding -A solution of 5-bromodeoxyuridine (5-BrdU), 25 µg/ml was injected in a proportion of 0.1ml per 10g of body weight was injected in the specimens 5-6 hours before their sacrifi ce and the voucher specimens were deposited in the ichthyological collection of the Icthyogenetic Laboratory, Universidade de São Paulo (LI-USP).The obtaining of mitotic chromosomes was performed according to FORESTI et al. (1993) . The chromosomal preparation was incubated in Hoescht solution for 20 minutes at room temperature, followed by a wash in 2xSSC. The slides were mounted with cover glasses and 3 drops of 2xSSC and then exposed to UV light for about 1 hour and 30 minutes. After the exposure time, the slide was incubated in 2xSSC solution at 60ºC for 20 minutes, stained with Giemsa 1:30 and air dried. Telomeric Probes -The Polymerase Chain Reaction (PCR) solution used contained 50mM KCl, 10mM Tris-HCl (pH 8.3), 1.5mM magnesium chloride (MgCl 2 ), 200µM of each dNTP, 0.1µM of each primer and 2U of Taq Polymerase to a fi nal volume of 100 µl and the telomeric probes were obtained via PCR using the degenerated primers (TTAGGG) 5 and (CCCTAA) 5 . The amplifi cation step comprised 10 initial cycles of 1 minute at 94ºC, 30 seconds at 55ºC and 1 minute at 72ºC, followed by 30 cycles of 1 minute at 94ºC, 30 seconds at 60ºC, 90 seconds at 72ºC and a fi nal extension at 72ºC for 5 minutes. The amplifi ed products were visualized in 1% agarose gel stained with ethidium bromide. Afterwards, the PCR products were labeled with biotin using the kit BioNick ™ DNA Labeling System (Invitrogen).
The fl uorescent in situ hybridization (FISH) included a pretreatment of the slide, which is consisted of an incubation in RNAse (100µg/ ml), followed by a wash in pepsin (0,02%) in HCl solution (10mM) and a post fi x step with PBS containing MgCl 2 (50mM) and formaldehyde (1%). Once done the pretreatment, the slide is denatured in a solution of formamide 70% in 2xSSC at 72ºC and the probe at 100ºC in a solution that contains formamide (50%), dextrane sulfate (10%) and 2xSSC. For the hybridization step, the slides were incubated overnight at 37ºC in a moist chamber. The signal amplifi cation consists in two incubations with Fitc-Avidin and one with Anti-Avidin-Biotin at 37ºC in moist chamber, with all steps followed by a wash with Tween 20 (0,5%) and 4xSSC. The fi nal step consists of a dehydration of the slide and mounting with antifade containing DAPI. This protocol was made according to CONWAY (1996) .
RESULTS
Incorporation of 5-BrdU and FISH using telomere probes in the species Gymnotus carapo and Gymnotus sylvius corroborated the hypothesis of chromosomal fusion, once interstitial telomeric sites were detected in G. sylvius (Fig. 1) but absent in G. carapo (Fig. 2) .
A comparative analysis between the banding pattern in both species (Figs. 3-4) allowed identifying some correspondence among bands, as follows: the pair Gca21 would correspond to Gsy19, the pair Gca7 would correspond to Gsy6, the pair Gca8 would correspond to Gsy7, the pairs Gca22 and Gsy27 would correspond, respectively, to p and q regions of the pair Gsy18; the pairs Gca18 and Gca20 would correspond, respectively, to p and q regions of the pair Gsy2 (Figs. 5-6 ).
DISCUSSION
The fl uorescent in situ hybridization with telomeric probes revealed interstitial signals on two chromosomal pairs in the species with the lowest diploid number (2n = 40). This result indicates the occurrence of chromosomal fusion without losses of the telomeric sequences, an event usually caused by inactivation of proteins associated with this region (ZAKIAN 1995) , to changes in the chromatin structure (SLIJEPCEVIC et al. 1997) , or to telomerase inactivation (BLASCO et al. 1997) , all directly or indirectly related to telomere inactivation. Besides indicating the chromosomal fusion, the presence of detectable interstitial telomeric sites also suggests that such event is recent, once the telomeric sequences have not been depleted along the evolutionary history of G. sylvius. On the other hand, the present results might not be related to a true fusion event, since degenerated telomere-like sequences have already been reported at centromeric regions of mammals (SHAMPAY et al. 1995) . Once these sequences are undistinguishable from regular telomeric sequences by most of currently available techniques, it would generate a possible false positive result. Owing to this, the identification of real chromosomal fusions is hindered and should rely on additional approaches, such as chromosomal banding or isolation of centromeric sequences.
Nonetheless, a reliable identifi cation of chromosomal rearrangements and analysis of chromosomal evaluation might be accomplished using R-banding, which is associated with replication patterns. This technique has permitted to identify homologous chromosomes in several species (DUTRILLAUX 1979) . In the present work, the analysis of R-bands was carried out to confi rm the results obtained by in situ hybridization with telomeric sequences. Although chromosomal markers are absent in the genus Gymnotus, differently from other fi sh groups such as Characiformes, the observed R-banding pattern suggested the presence of homeologies among fi ve chromosomal pairs in the species G. sylvius and seven pairs of G. carapo. Out of this total, three chromosomal pairs of each species displayed a full correspondence in their bands, indicating they have been inherited from a common ancestor and remained apparently unchanged ever since; similar fi ndings were reported in other animal groups (HELLMER et al. 1991; DANIEL-SILVA and ALMEIDA-TOLEDO 2005) . Moreover, the short/long chromosomal arms of two pairs in G. sylvius proved to be similar to four chromosomal pairs in the species G. carapo, probably derived from centric fusions that took place after the separation from the common ancestor.
Therefore, the present results were helpful to understand some aspects of the karyotypic evolution within Gymnotus, providing a database for further studies. It was also demonstrated that R-banding and in situ hybridization with telomeric sequences can be successfully used as chromosomal markers for comparative studies between closely related species, representing a good alternative to chromosomal painting in the absence of other effi cient cytogenetic markers in the genus Gymnotus.
